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PHARMACEUTICAL COMPOSITION AND ITg PRODUCTION 

This invention relates to a pharmaceutical composition 
which comprises an active ingredient, cyclodextrin and a . 
preservative r and its production. 

It is generally known that drugs which are strongly 
5 hydrophillc but have a small oil/water partition coefficient 
are poorly absorbable from the gastrointestinal tract and 
therefore are poor in bioavailability. Accordingly, such 
hydrophilic drugs are administered in the form o£ an in- 
jection 'SO as to make their efficacy manifest to a satis*- 

10 factory extent. However, administration by injection is 
entrusted only to experts and is accompanied by pain in 
patients. Therefore, a development of a preparation, other 
than an injection, which is capable of affording a high 
bioavailability and is applicable in an easy manner, has 

15 been desired. As a result of a study made for the purpose 
of increasing the bioavailability of such drugs being poorly 
absorbable from the gastrointestinal tract so as to make 
their pharmacological effects manifest in an efficient 
manner, it was found that addition of cyclodextrin to prepa- 

20 rations other than an injection causes* a significant in- 
crease in absorbability of the drugs and that addition of 
cyclodextrin to preparations containing other drugs than 
those mentioned above also results in improvement in the 
stability and solubility of active ingredients. Then, the 

25 present inventors prepared aqueous preparations containing 
active Ingredients and cyclodextrin and added preservatives. 
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thereto. Regrettably, however, a phenomejion- that the 
preserving e££ect o£ the preservative added is decreased 
was observed in some of such aqueous preparations. 

Under these circumstances, the present inventors 
conducted an intensive study to find out an aqueous pre- 
paration ^ich contains an active ingredient, cyclodextrin 
and a preservative but does not show a decrease in the 
preservative effect and found that this' object can be 
achieved by the use of phenol derivatives as preservatives. 
Continued research based on this finding has now led to 
completion of the present -invention. 

The invention thus provides an a<jueous preparation 
which comprises an active ingredient, . cyclodextrin and a 
compound of- the fozmulas 

(R) - 
{X)ni 

wherein R is alkyl, X is halogen, n is an integer of 0 to 
2 and m Is an integer of 1 to 3. 

^9 alkyl represented by R in the compound (I] to be 
contained in the aqueous preparation according to the 
invention preferably contains 1 to 8 carbon atoms. 
Examples are methyl, ethyl, n'-propyl, n-butyl, n-amyl, 
n-hexyl, n-heptyl and n-octyl, among others. 

!Che halogen represented by X Is, for exan^le, 
dilbrine or bromine.. • 

Examples of the compound (X) to be used in accordance 
with the invention are o-chlorophenol , m*chlorophenoi, p- 
chlorophenol, o-bromophenol, m-bromophenol, p-bromophenol , 
2,4-dichlorophenol, 2,4,6-trichlorophenol, 2,4,6-tribramo- 
phenol r p-rchloro-m-cresolr p-bromo-m-cresol , 2-n-butyl-p- 
chlorophenol , 2-n-aTOy iT-p-bromophenol i p-chloro-ra-xy lenol , 
p-bromo-m-xy lenol , 4-ethy 1-b-chlorophenol , 2-ethy 1 -p- 



0119737 



- 3 - 

chlorophenol, 2-n-propyl-p-chlorophenol# amongst others « 
The active ingredient in the aqxieoue preparatiion 

according to the present invention is not limited to any 

specific class* Thus, said active ingredient includes r 
5 among others, physiologically active polypeptide drugs, 

polysaccharide drugs, aminoglycoside drugs, beta-^lactam 

antibiotics, nucleic acid drugs and other hydrojAiilic drugs 

and various lipophilic drugs* 

The polypeptides are exemplified by peptides which 
10 comprises two or more than two amino acid residues* 

The polypeptides preferably have a molecular iireight of 

from 200 to 60000* 

As the physiologically active polypeptide, there may 

be mentioned, for example, L-pyroglutamyl-L-histidyl-L- 
15 prolinamide (thyrotropin* releasing hormone; hereinafter 

referred to briefly as TRH) or its salts, especially its 

tartrate in*S* Patent No. 3,957,247], and polypeptide 

represented by the formula (11) 



30 



20 R-HH-CH-CO-N 

I 

CH2 



(ID 



rN 9 



CONH-A 

25 wherein A stands for hydrogen, alkyl, aralkyl, alkoxy alkyl , 
hydroxyalkyl or alkoxy, R stands for 



or o^'^CO- r X stands for -CH^-f -CK2CH2- or -S-, R and 



each of the other constituent amino acid residues nay have an 
L- or D-configuration or be racemic] and salts thereof 
(O.S* patent Ko. 4,100,152]* 

Among the compoiinds represented by the formula (It) , 
35 the compound shown below is referred to briefly as "DN- 
1417". 
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5 




• citrate* 



H 



citrate) 

10 Furthermore, as the polypeptide, there may be 

mentioned luteinizing hofmone-^feleasing hormone (herein- 
after referred to briefly as "LH-RH" ) or peptides which 
have the LB-BH activity and have the formula (ID[> • 

(Pyr ) Glu-Rj^-Trp-Ser-R2-R3-R^-Arg-Pro-R^ (HI) 

15 [herein stands for Hie# Tyr, Trp or p-MH^-Phej R2 

stands for Tyr or Phei stands for Gly or a D«*ainlno acid 
residue: stands for Leu, He or Kle; R^ stands' for 
61y-l!iH-Eg (ft^ standi f br E or a lower alkyl grOup which 
may optionally have a hydro^l group) or NHrR^ (R^has the 

20 meaning defined above) ]'[a.s. Patent No. 3,853,837, U.S. 

patent No. 4,008,209, U.S. Patent No. 3,972,859^ British 
Patent No. 1,423,083, Proceedings of the National Aoademy 
of Science of the' United States of America, vol. 78, . 
6509-6512 (1981)]. 

25 As examples of the D-amino acid residue R^, there may 

be mentioned the residues of algha-D-amino acids contain- 
ing up to 9 carbon atoms- (e.g. D-Leu, Ile|i Nle, Val, Nval, 
Abu, Phe, Phg, Ser, thr, Met, Ala, Trp, a--Aibu, . etc.) , 
which may have suitable protective groups (e.g. t-butyl, 

30 t-butoxy, t-butbxycarbonylr. etc.).. Of course, salts of . 
peptide (m) with acids as well as metal complex compounds 
of peptide (m) may also be employed just as peptide (HI) • 
All abbreviations, wherever they are used in this speci'- 
fication to denote amino acids, peptides, protective ' groups, 

35 etc., are those according to lUPAC^IUB Commission on 

. Biochemical Nomenclature or those commonly employed in the 
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particular field o£ art. ' Where any of the asdno acids 
named herein is subject to optical iQmierism, all refer- 
ences to such amino acid mean .the Ir-form unless otherwise 
indicated. 

5 In the present specification, the polypeptide (HE) 

in which R^^aHiS/ R^^iyr, Rj=II-Lbu, R^^Leu, Rg^^NHCHj^CHj is 
referred to briefly as TAP- 14 4. 

Examples of said polypeptide include insulin, 
somatostatin r somatostatin derivatives (U.S, Patent No.. 

10 4,093,573, U.S. Patent Mo. 4,100,117, U.S- Patent No, 

4,253,998), growth hormone, prolactin, adrenocorticotrophic 
hormone (ACTH) / melanocyte stimulating hormone (MSB) 
thyroid stimulating hormone (TSH) , luteinizing hormone (LH) , 
follicle stimulating hormone (PSH) , vasopressin, vaso- 

15 pressin derivatives {desmopressin {Folia EndocrlnoXogica 
Japonica, 54, 5, pp. 676-691, (1978)]), ocytocin, 
carcitonin, parathyroid hormone, glucagon, gastrin, 
secretin, pancreozymin, cholecystoXinin r arjgiotensin , 
human placental lactogen,, humcuri chorionic gonadotropin 

20 (HCG) , enkephalin, enkephalin derivatives (U.S. Patent 
4,277,394; European Patent Application Publication No. 
31567], endorphin, interferon . (a, Br Y) r interleukin (1, 
2) , urokinase, kallikretn, thymopoietin, thymosin, motilin, 
dynorphin, bombesin, .i^eurotensin, caerulein, bradykinin, 

25 substance P, kyotorophin, fertirelin acetate, nerve growth 
factor, peptide type antibiotics auch as polymyxin B, 
colistin, gramicidin, bacitracin, peptide type anti'* tumor 
agentd such as* bleon^cin, neocarzinostatin. 

The polysaccharide drugs mentioned above include, 

30 among others,, heparin and such antitmnor agents as 
lentinan, zymosan and PS'*K (krestin) • 

The aminoglycoside antibiotics mentioned above 
include, among others, gentanycin, streptomycin, kanajnycin« 
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dibekacinr paromoinycinr kanendomycin, lipl'domycin, tobra* 
loycin, amikacin, fradioinycia and sisomicin. 

The beta-lactaiu antibiotics mentioned above include, 
among others, penicillins such as sulbenicillinr mecillinam, 
5 . carbenicillin, piperacillin and ticarclllinr . thienamycin, 
and cephalosporins such as cefotiam, cefsulodine, cefmeno* 
xisier ce£metazole, cefazolia, cefotaxime, cef operazone , 
ceftlzoxime and mo^alactam. 

The nucleic acid drugs mentioned above include, among 

10 others, citicoline and such antitumor agents as cytarabine 
and 5-PU (5-f luorouraoll) , l-(2^-tetrahydrofuryl)-5-^ 
fluorouracil. 

The other hydrophilic drugs are exemplified by 
doxorubiqin, mitomycin C, glutathionV gamma globulin and 

15 lysozyme. 

The lipophilic drugs are exemplified by nalidixic 
acid, cephalexin, cephalothiiir cephamandole , amplclllin, 
amoxicillin, talan^icillini C3i^ciacillin, minocycline, 
futrafur, pheiiytoin, hexylresorcinol, aspirin, tolbutamide, 

20 clofibrate, pentazocine, nitrofurantoin, cionidihe, toco- 
pherol, diclofenac, dexamethazone, nifedipine , lincomy da, . 
rifampicinr ibuprofen, mecobalamin, spironolactone, 
indometacin, diazepam, ciinetidine, ranitidine, propranolol, 
methyldopa, sulindac, chlorpr amide, paracetamol, allopurinol, 

25 flurazepam, isosorbide, nitroglycerin and so on« 

. The cyclodextriii to be used in' the aqueous preparation 
according to the invention includes various cyclcdextrln 
. species obtained fay hydrolysis of starch, with an acid or 
amylase and, in addition, cyclcdextrln derivatives. 

30 Said cyclodextrin spe^cies include a-cyclodextrin 

(polymerization degree: 6) , fi-cyclodextrin (polymerization 
degree: 7) and Y"*pyclodextrin* (polyioe.rization degree: 8} 
[cf. Biochemical and Biophysical Reseeurch Communications 
vol. 5, pages 11-15 (1961), Farumashia, Vol. 16, No. 1, 

35 pages 33-37 (1980); Yakugaku Zasshi (Journal of the 

Pharmaceutical Society of ^apan) . Vol. 101, Mb. 10, pages 
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857-873 (1981), Japanese Patent Application Publication 
Sho, 53 (1978) -31, 2231. 

Said cyclodextrin derivatives include, among others, 
trl-O-nethylcyclodextrin [c£. Chemical & Pharmaceutical 
5 Bulletin, Vol. 28, pages 1552*1558 (1980) ] and triamino- 
cyclodextrin [cf • Angewandte Chenie, Xnteimational Edition 
In English, Vol. 19, pages 344-3iS2 (1980)]. 

The aqueous preparation according to the invention 
may take the form of liquid preparations for injection, 

10 liquid preparation for Internal use (e.g. extracts, elixirs, 
syrups, infusions, decoctions saspensicms , emulsions , 
aromatic waters, lemonades, fluid extracts), liquid pre- 
parations for external use (e.g. eye drops, aqueous 
preparations for rectal administration; aqueous preparations 

15 for vaginal administration, aqueous ointsoents, nasal drops, 
ear drops, cataplasms, liniments, lotions) r etc. 

The aqueous preparation according to the invention 
contains water in an amount of from 10 to 99.9 percent 
(weight by volume) , preferably from 20 to 99 percent 

20 (weight by volume) • . 

The aqueous preparation can be produced t^' any of 
the per se luiown methods. Thus, for instance, an injection 
can be produced by dissolving an effective amount of the 
active ingredient and cyclodextrin in distilled water for 

25 injection, further adding an isotonizing agent, a buffer 
and the preservative according to the Invention and, after 
complete dissolution, filtering the solution through a 
Millipore filter (Millipore Corporation, OSA) , followed by 
filling the filtrate into vials # sealing the vials and 

30 high-pressure steam sterilization at 115.5^0 for 

30 minutes. The injection may contain a stabilizer, 
a solubilizing agent and/or a local anesthetic, for 
instance. In addition to the above-mentioned coniponents. 
A liquid preparation, for instance^ a syrup, can be 

35 produced by adding an effective amoxmt of the active 

ingredient, cyclodextrin, a thickening agent (e.g. sodium 
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carboxymethyl cellulose, methyl cellulose), subrose, a 
flavoring agent, etc. to a simple syrup or water with the 
presevative according to the invention dissolved tlierein 
in advance, followed by stirring for homogenizatipn and 
adjusting the volimie with water. 

A liquid preparation for external use, for example 
a nasal drop preparation,, can be produced by adding an 
effective amount of the active ingredient, cyclodextrin, 
an Isotonizing agent, a buffer, a flavoring agents etc. to 
an aqueous solution of the preservative according to the 
invention and, after complete disisolutibn, filtering the 
solution and filling the filtrate into containers for nasal . 
application. 

The concentration of cyclodextrin in the preparation 
is generally 0.1 to 50 percent (weight by voliame) , prefer- 
ably .0.5 to 20 percent (weight by volume) , more 
preferably 1 to 10 percent (weight by. volumd) • . * 

nie phenol d^'^lvativ^^' (ti is used in the aqueous 
preparation according to the invention in a concentration 
not lower than the minimal concentration required to in- 
hibit the growth of microorganisms (^IXC, minimal inhibitory 
concentration), preferably in a concentration of from- ' 
0.001 to 1 percent (weight by volume), more preferably 
from 0.01 to 1 percent (weight by volume) • 

A characteristic feature of the invention lies in 
that the preservative is added for the purpose of guaran- 
teeing, for a long period of time, the quality of aqueous 
preparations with cyclodextrin being .incorporated therein 
so as to stabilize the active ingredient^ improve the 
solubility and increase the bioavailability, and for other 
purposes. The use of the preservative according to the 
invention does not result in decreases in antimicrobial ' 
activitgr due to interaction with cyclodextrin and does not' 
result in precipitation of an insoluble conplex; h,ence»the 
use of the present preservatives can give effective aqueous 
preparations. 
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The following Experimental Examples and Examples 
illustrate the invention in more detail. In the following 
description, "percent (%)" means "weight/voliime percent" 
unless otherwise specified. 

5 

Experiroental Example 1 
Various preservative solutions are tested for the 
minimal inhibitory concentration (MIC) using Aspergillus 
niger ATCC 9642 (A. niger) and Escherichia coli IPO 3044 

10 (E. coli) as the test organisms. Thus, two culture media 
are prepared by adding 0% and 5% of a-cyclodextrin, 
respectively, to a 1/15 H phosphate buffer (pH 6*5) 
containing 2% of Polypeptone (Daigo Kutritive Chemicals 
Ltd., Japan), The preservative is added to each medium 

15 and the resulting solution is diluted serially with each 
of the respective media to give solutions differing in 
preservative concentration. The test organisms are added 
to these solutions to a final concentration of 10^ cfu/ml 
(cfu: colony forming unit). After incubation at 25''C 

20 (when A« niger ATCC 9642 is used) for '5 days or 35 *C (when 
E. coli IFO 3044 is used) for 3 days,^ the minimal inhibitory 
concentration is measured by observation with the naked 
eye. TAie results obtained, in this manner are shown in 
Table 1. 
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As is evident from Table 1, the parabens used as 
controls (methylparaben, ethy Iparaben , propylparaben and 
butylparaben) each show a significant increase in the value 
of miniiaal inhibitory concentration in the cycicdextrin- 
5 containing culture medium, hence a significant decrease in 
the antimicrobial activity « On the other hand, the pre- 
servatives according to this invention each exhibit only 
a slight decrease in the antimicrobial activity even in the 
cyclodextr in-containing culture medium. 

10 

Experimental Example 2 
An aqueous . solution containing .5% o£ a -cyclodextrin 
or 1% of 8-cyclodextrin was prepared and each of various 
preservatives was dissolved therein. After standing in a 
15 cold place overnight i the solution was examined for the 

presence or absence of a precipitate. The results obtained 
are shown in Table 2. 



9 
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Table 2 . . 

Concen- 5% a-Cyclo- 1% B-Cyclo 

Preservative tration (%) dextrin dextrin 

[Controls] 

Mfithylparaben 0.5 ++ . ++ 

Propylparaben .0-1 • + + 

Benzalkonium 0.03 + + 

chloride 

' Benzethoniura 0.03 + 

chloride 

Chlordbdtanol 0,3 . ' ++ ++ 

Chlorhexidine 0.1 -H- ++ 

gluconate 

Benzyl alcohol 0*5 • + + 

Phenethyl 0.1 ♦ + 

alcohol 

Cetylpyridinioan 0.03 + + 

chloride 

[This invention] 

p-Chlorophenol .0.05 - - 

p-Chloro-m- .0.02 - . - 

cresol 

p-Chloro-m- 0.02 . . - - 

s^lenol 



Kotes: no precipitation; + precipitation; 

+-^, precipitation in a large amount* 



0119737 



As Is evident from Table 2, a precipitate forms In 
pyclodextrin-containing solutions with each of the pre- 
servatives used as controls* On the other hand» the 
preservatives according to the invention give no precipi'- 
5 tate. !lDherefore» it is considered that the interaction 
between the preservatives used In this invention and 
cyclodextrin is slight and accordingly does not result in 
a decrease in the antimicrobial activii^. 

lb Example 1 

h preparation for nasal application by dropping is 
produced by dissolving 5 g of a-cyclodextrin and 1.8 g of 
glycerol as an isotoni zing agent in 80 ml of purified 
water, heating the solution to 80**Cr adding 30 ng of p- 

15 chloro-'n-3cylenol as a preservative and 10 mg of l-menthol 
as a flavor at that temperature, cooling, after complete 
dissolution, to 25**C, adding 5 g of leuprolide {TAP-144: 
(Pyr)Glu-His-Trp-Ser"Tyr-D-Leu-Leu-Arg-Pro-NHCH2--CH^ 
(abbreviations for amino acids being by lUPAC-IUB Commis- 

20 sion on Biochemical Nomenclature)], and, after dissolution, 
further adding purified water to make 100 ml. 

Example 2 

A preparation for nasal application by dropping is . 
25 produced by completely dissolving 5 g of a-cyclodextrln, 
5 g of protirelin Ithyrotroptn releasing hormone (TRH) : 
L-pyroglutaxay l-L-his tidy 1-L-prolinamide 1 • tar tr a te , 6 0 0 mg 
of sodium chloride and 20 mg of p-chloro-m-xylenol as 
a preservative in 10 0 ml of purified water, 

30 

Example 3 

A preparation for nasal application by dropping is 
produced by completely dissolving 100 mg of fertirelin 
acetate r 1 g of B'Cyclodextrln, 800 mg of sodium chloride 
35 and 50 mg of p-chloro*mT-xylenol as a preservative in 100 ml 
of purified water* 



BNSOOCID: <E^ pi 19TO7A^_L> 



0119737 



- 14 - 

Eacample 4 

A hydrogel eyedrop is produced by adding 634 rag of 
B-cyclodextrin and ftirther 50 rag of 2,4-diclilorophenoI as . 
a preservative to 200 ng of ihdomethacin and 117 rog of 
5 L-arglnine, adding distilled water to maXe the vbole amount 
100 ml, adding 2 g of xnethylcellulose (4,000 cp) thereto 
and stirring the mixture under ice csooling. 

Bxample. 5 

10 An injection is produced by dissolving 10 mg of 

prostaglandin, 150 mg of a-cyclodextrin and 100 mg of 
P'bromophenol as a preservative in 100 ml of distilled 
water for injection and filling the solution into vials, 
followed by high-pressure steam sterili2ation at 115 • 5 

15 for 30 minute?. 

Example 6 

A suspension fori internal .application ±3 produced . 
by adding .100 g of B-cyclodextrdLn, 500 ng of 2-n-aniyl-p- 
20 bromophenol as - a preservative, and 500 ml of purified water 
to . 10 g of l-(2-tetrabydrofuryl)^5-fluorouracil, followed 
by mixing. 

Example 7 

25 A syrup for internal application is produced by 

adding 20 ml of water to 10 g of nalidixic acid and 5 g of 
B-cyclodextrin, mixing well/ sidding 0.8 g of sodium 
carboxyinethylcelluiose , 2 ml of ethanol and 60 ml of 
simple, syrup, further dissolving 50 mg of p-chloro-m- 

30 xylenol as a preservative and making the whole volume 
100 ml. 

Bcample 8 

'8 

An Injection is produced by dissolving 5 x 10 units 
35 of Y-interferon, 100 mg of g-cyclodextrin, 80 mg of sodium . 
chloride and 50 mg of p-chloro-m-acylenol as a preservative 
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in 10 ml of distilled water for Injection and, after 
sterile filtration, filling the solution into 1^1 vials. 

Example 9 

5 An* injection is produced by dissolving 10^ units of 

interleukin 2, 500 mg of a-cyclodextrin/ 80 mg of sodium 
chloride and 4 mg of p-chloro-m-cresol as a preservative 
in 10 ml of distilled water and, after sterile filtration, 
filling the solution into l-ml vials* 

10 

Example 3^ 

A suspension for external' application is produced by 
adding 50 g of g-cyclodextrin, 100 mg of p-bromo-m-cresol 
as a preservative and 500 ml of purified water to 2 g of 
15 isosorbide, followed by mixing- 

Example 11 

' A syrup for internal application is produced by 

adding 20 ml of water to 5 g of cimetidine and 10 g of 
20 a-cyclodextrin, adding 1.2 g of methylcellose, 60 ml of 
simple syrup, further dissolving 100 mg of p-bromo-m:- 
xylenol as a preservative and making the whole volume 
100 ml. 

25 
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CLAIMS : 

!• An aqueous preparation which comprises an active 
ingredient, cyclodextrin and a cpiapound of the formula: 




wherein K is alXyl, X is halogen, n is an integer of 
P to 2 and m is an integer of 1 to 3. 

2. A preparation as claimed In Claim 1, wherein 
X is. chlorine. 

3. A preparation as claimed in Claim I, wherein 
X is bromine. 

4. A preparation as claimed in Claim 2, wherein 

the compound is p-chloro-m-xylenoX or p^chloro-m-cresol. 

5* A preparation as claimed in Claim 3, herein 
the compouiid is p-bromo-m-^cresol or p-bromo-m- ' 
.^cylenol. 

6* A preparation as claimed in Claim 1, wherein 
the active ingredient is a physiologically active 
polypeptide drug. 

7.. A preparation as claimed in Claim 6 wherein 

the physiologically active polypeptide drug is (Pyr)Glu- 

His-Trp^Ser-Tyr-D-I,eu-Leu-Arg-Pro-iaHCH2CH2. 

8« A preparation as claimed in Claim 6, wherein 
the physiologically active polypeptide drug is L- 
pyroglutaroy l-Ir-his tidy l-L-prolinamide - tartrate • 
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9. A preparation as claimed in Claim 1, vherein 
the cyclodextrin Lb ot-cyclodextrin. 

10. A preparation as claimed in Claim 1, wherein 
the cyclodextrin is e-cyclodextrin. 
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OH 
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wherein R ts alky I, X is haiogen. n is an Integer of 0 to 2 and m 
is an inteser of 1 to 3. 

The use of ttia compound as tlia preservative in the 
present pharmaceutical composition does not result in 
decrease in ant\fnicrobial activity. 
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